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(54) NON-AQUEOUS ELECTROLYTE AND NON-AQUEOUS ELECTROLYTE SECONDARY CELL 



(57) A non-aqueous electrolyte containing propyl- 
ene carbonate and 1 ,3-propanesultone as additives can 
reduce the amount of a gas evolved during storage at a 
high temperature of a non-aqueous electrolyte second- 
ary cell comprising the electrolyte, a non-aqueous elec- 
trolyte containing at least one compound selected from 
the group consisting of vinylene carbonate, diphenyl di- 
sulfide, di-p-tolyldisulfide and bis(4-methoxyphenyl)di- 



sulfide as an additive can improve cycle characteristics 
of a non-aqueous electrolyte secondary cell comprising 
the electrolyte, and a non-aqueous electrolyte contain- 
ing a combination of the above two types of additives 
can provide a non-aqueous electrolyte secondary cell 
exhibiting excellent retention of capacity and storage 
stability. 
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Description 

Technical Field 

s [0001] The present invention relates to a non-aqueous electrolyte capable of providing a non-aqueous electrolyte 
secondary battery with excellent cycle characteristics, capacity retention rate and storage characteristics and a reduced 
amount of gas generated during high-temperature storage, and also relates to a secondary battery using the non- 
aqueous electrolyte. 

10 Background Art 

[0002] In recent years, there has been a rapid advancement in the development of potable and cordless electronic 
apparatuses. With the development, there has been an increasing demand for small-size, light-weight, thin, and high 
energy density secondary batteries that serve as the power supply for these apparatuses. 
15 [0003] In particular, since non-aqueous electrolyte secondary batteries, such as lithium ion secondary batteries and 
lithium polymer secondary batteries, have a high voltage and high energy density and can be made thin, the develop- 
ment thereof is on the increase. 

[0004] Forthe positive electrodes of non-aqueous electrolyte secondary batteries, various kinds of lithium-containing 
composite oxides capable of absorbing and desorbing lithium by charging and discharging are generally used as active 
20 materials. 

[0005] On the other hand, for the negative electrodes of non-aqueous electrolyte secondary batteries, there are ones 
containing metal lithium as an active material; and ones containing a metal compound or a carbon material capable 
of absorbing and desorbing lithium by charging and discharging At present, carbon materials are often used for the 
negative electrodes. 

25 [0006] Normally, on the surface of a negative electrode using a carbon material, an SEI (Solid Electrolyte Interface) 
film is formed by the reaction between an electrolyte and the negative electrode, and the chemical stability of the 
negative electrode is maintained by this film. However, during storage of the battery at high temperature, the film cracks 
easily, and there arises the problem that the negative electrode and the non-aqueous solvent in the electrolyte react 
with each other in the cracked portion and generate a gas. 

30 [0007] In a lithium polymer secondary battery, In orderto reduce the size, weight and thickness, a bag-shaped outer 
packaging material made of a laminated sheet comprising resin films and a metal foil sandwiched therebetween is 
often used in place of a metal case used for a lithium ion secondary battery. In this case, even when a small amount 
of a gas Is generated, there will be problems, such as an increase in the thickness of the battery, leakage of the 
electrolyte and deterioration of the charge and discharge characteristics, due to an increase in the Internal pressure 

35 of the battery. 

[0008] Moreover, there is a problem that a carbon material easily separates from a negative electrode during charging 
of a battery. It is considered that this is caused by distortion of the carbon material due to a gas generated during an 
electrochemical reduction of a non-aqueous solvent at the interface between the carbon material in the negative elec- 
trode and the non-aqueous electrolyte. 
40 [0009] Furthermore, when binders contained in a positive electrode and negative electrode are swollen with an elec- 
trolyte during charge/discharge cycle and storage of the battery, there arises the problem that the impedances of the 
electrodes increase and the battery capacity decreases gradually. 

Disclosure of Invention 

[0010] In view of the above problems, it is an object of the present invention to provide a non-aqueous electrolyte 
capable of providing a non-aqueous electrolyte secondary battery with excellent cycle characteristics, capacity reten- 
tion ratio and storage characteristics and a reduced amount of gas generated during high-temperature storage; and a 
non-aqueous electrolyte secondary battery using the non-aqueous electrolyte. 

so [0011] The present invention relates to a non-aqueous electrolyte which comprises a non-aqueous solvent and a 
solute dissolved in the non-aqueous solvent, and contains propylene carbonate and 1 ,3-propanesultone as additives, 
respectively. Here, the non-aqueous electrolyte preferably contains 0.1 to 5.0 parts by weight of propylene carbonate 
and 0.1 to 6.5 parts by weight of 1 ,3-propanesultone per 100 parts by weight of the non-aqueous solvent. Further, the 
non-aqueous electrolyte preferably contains at least one selected from the group consisting of vinylene carbonate, 

55 diphenyl disulfide, di-p-tolyl disulfide and bis(4-methoxyphenyl) disulfide as an additive. 

[0012] The present invention also relates to a non-aqueous electrolyte which comprises a non-aqueous solvent and 
a solute dissolved in the non-aqueous solvent, contains 0.1 to 5.0 parts by weight of propylene carbonate and 0.1 to 
6.5 parts by weight of 1 ,3-propanesultone as additives per 1 00 parts by weight of the non-aqueous solvent, and further 
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contains 0.1 to 5.0 parts by weight of vinylene carbonate or 0.1 to 0.6 parts by weight in total of at least one selected 
from the group consisting of diphenyl disulfide, di-p-tolyl disulfide and bis(4-methoxyphenyl) disulfide as an additive 
per 1 00 parts by weight of the non-aqueous solvent. 

[0013] Moreover the present invention relates to a non-aqueous electrolyte which comprises a non-aqueous solvent 
s and a solute dissolved in the non-aqueous solvent, contains 0.1 to 5.0 parts by weight of propylene carbonate and 0.1 
to 6.5 parts by weight of 1 ,3-propanesultone as additives, respectively, per 100 parts by weight of the non-aqueous 
solvent, and further contains 0.1 to 5.0 parts by weight of vinylene carbonate and 0.1 to 0.6 parts by weight in total of 
at least one selected from the group consisting of diphenyl disulfide, di-p-tolyl disulfide and bis(4-methoxyphenyl) 
disulfide as additives, respectively, per 1 00 parts by weight of the non-aqueous solvent. In this case, the total amount 
10 of propylene carbonate, 1 ,3-propanesultone, vinylene carbonate and at least one selected from the group consisting 
of diphenyl disulfide, di-p-tolyl disulfide and bis(4-methoxyphenyl) disulfide is preferably 0.4 to 17.1 parts by weight 
per 1 00 parts by weight of the non-aqueous solvent. 

[0014] Furthermore, the present invention relates to a non-aqueous electrolyte which comprises a non-aqueous 
solvent and a solute dissolved in the non-aqueous solvent, and contains vinylene carbonate and at least one selected 

15 from the group consisting of diphenyl disulfide, di-p-tolyl disulfide and bis(4-methoxyphenyl) disulfide as additives, 
respectively. Here, the non-aqueous electrolyte preferably contains 0.1 to 5.0 parts by weight of vinylene carbonate 
and 0.1 to 0.6 parts by weight in total of at least one selected from the group consisting of diphenyl disulfide, di-p-tolyl 
disulfide and bis(4-methoxyphenyl) disulfide per 1 00 parts by weight of the non-aqueous solvent. 
[0015] The non-aqueous solvent used in the present invention is preferably composed of 1 0 to 70 wt% cyclic car- 

20 bonate and 30 to 90 wt% chain carbonate. In this case, the cyclic carbonate preferably comprises at least one selected 
from the group consisting of ethylene carbonate, propylene carbonate and butylene carbonate. Moreover, the chain 
carbonate preferably comprises at least one selected from the group consisting of dimethyl carbonate, diethyl carbonate 
and ethyl methyl carbonate. 

[0016] Here, in the present invention, 1 ,3-propanesultone, vinylene carbonate, diphenyl disulfide, di-p-tolyl disulfide 
25 and bis(4-methoxyphenyl) disulfide are all used as additives. Therefore, these additives are not dealt with as the non- 
aqueous solvent. On the other hand, propylene carbonate is sometimes used as an additive, and sometimes used as 
the non-aqueous solvent. In the case where 10 wt% or more non-aqueous solvent in the non-aqueous electrolyte is 
propylene carbonate, the propylene carbonate is not used as the additive. In this case, the propylene carbonate is 
used as the non-aqueous solvent, and only 1 ,3-propanesultone. vinylene carbonate, diphenyl disulfide, di-p-tolyl di- 
30 sulfide and bis(4-melhoxyphenyl) disulfide are used as additives. In other words, the propylene carbonate exhibits an 
effect as the additive only when the propylene carbonate is not a main component of the non-aqueous solvent, 
[0017] The present invention also relates to a secondary battery comprising a positive electrode containing a lithium- 
containing composite metal oxide; a negative electrode containing graphite; and any one of the above-mentioned non- 
aqueous electrolytes. 

35 [0018] It is preferred that at least one of the positive electrode and the negative electrode contains a fluorocarbon 
resin as a binder. In this case, the fluorocarbon resin is preferably at least one selected from the group consisting of 
polyvinylidene fluoride, a copolymer of vinylidene fluoride and hexafluoropropylene, and polytetrafluoroethylene. 
[0019] The graphite is natural graphite or artificial graphite, and the spacing (d 002 ) between lattice planes (002) is 
preferably 3.350 to 3.400 angstroms. 

40 

Brief Description of Drawings 
[0020] 

45 FIG. 1 is afront view showing an internal structure of the batteries produced in the examples of the present invention 

and comparative examples by broken lines. 

FIG. 2 is a vertical cross sectional view of the batteries produced in the examples of the present invention and 
comparative examples. 

so Best Mode for Carrying Out the Invention 

[0021 ] A non-aqueous solvent used in the present invention preferably contains cyclic carbonate and chain carbonate 
as main components. For example, it is preferred that the non-aqueous solvent is composed of 10 to 70 wt% cyclic 
carbonate and 30 to 90 wt% chain carbonate. 
55 [0022] Preferred examples of the cyclic carbonate are ethylene carbonate, propylene carbonate, and butylene car- 
bonate. These may be used alone or in combination of two or more of them. However, as described above, only when 
1 0 wt% or more of the non-aqueous solvent in a non-aqueous electrolyte is propylene carbonate, the propylene car- 
bonate is usable as a cyclic carbonate of the non-aqueous solvent. 
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[0023] Preferred examples of the chain carbonate are dimethyl carbonate, diethyl carbonate and ethyl methyl car- 
bonate. These may be used alone or in combination of two or more of them. 

[0024] As a solute usable in the present invention, there are LiCI0 4 , LiBF 4 , LiPF 6 , LiAICI 4 , LiSbF 6 , LiSCN. Lid, 
UCF3SO3, LiCF 3 C0 2 , LiN(C 2 F 5 S0 2 ) 2 , LiAsF 6 , LiN(CF 3 S0 2 ) 2 , Li 2 B 10 CI 10 , lithium low aliphatic carboxylate, LiBr, Lil, 

s lithium chloroborate, lithium tetraphenyl borate, imides, etc. These may be used alone or in combination of two or more 
of them. Among these, it is preferred to use LiPF 6 alone, or a combination of LiPF 6 with another solute. 
[0025] A non-aqueous electrolyte of the present invention can be prepared by dissolving the above-mentioned solute 
in the non-aqueous solvent at a concentration of 0.5 to 1 .5 mol/L, for example, and then dissolving the additive. 
[0026] Materials otherthanthe non-aqueous electrolyte that constitute a non-aqueous electrolyte secondary battery 

10 of the present invention are not particularly limited. It is possible to use conventionally used materials. 

[0027] As a positive electrode material, for example, it is possible to use a lithium-containing composite metal oxide 
capable of absorbing and desorbing lithium ions by charge/discharge. As the lithium-containing composite metal oxide, 
for example, it is possible to use Li x Co0 2 , Li x Ni0 2 , Li x Mn0 2 , L^COyNi^O;,, LLCOyM^Oz, LLNi^MyOz, Li x Mn 2 0 4 , 
and Li x Mn 2 .yMy0 4 . These may be used alone or in combination of two or more of them. Here, M is at least one element 

15 selected from the group consisting of Na, Mg, Sc : Y, Mn, Fe, Co, Ni, Cu, Zn, Al, Cr, Pb, Sb and B, x = 0 to 1 .2, y = 0 
to 0.9, and z = 2.0 to 2.3. Moreover the value of x is the value before starting the charging and discharging, and 
increased or decreased by charge/discharge. 

[0028] In addition to those mentioned above, it is also possible to use a transition metal chalcogenide, lithium vana- 
dium oxide compound, and lithium niobium oxide compound. 

20 [0029] The average particle size of a positive electrode material is not particularly limited, but is preferably 1 to 30 urn. 
[0030] As a negative electrode material, for example, it is possible to use carbon materials capable of absorbing and 
desorbing lithium ions by charge/discharge. Among them, graphite having a graphite-type crystal structure is particu- 
larly preferred. For example, it is preferred to use natural graphite or artificial graphite. In particular, it is preferred to 
use graphite wherein the spacing (d 002 ) between lattice planes (002) is 3.350 to 3.400 angstroms. 

25 [0031] As a binder to adhere the particles of a positive electrode material ora negative electrode material together, 
a fluorocarbon resin is preferred. For example, it is preferred to use polyvinylidene fluoride, a copolymer of vinylidene 
fluoride and hexafluoropropylene, and polytetrafluoroethylene. These may be used alone or in combination of two or 
more of them. 

[0032] In the present invention, propylene carbonate and 1 ,3-propanesultone added to a non-aqueous electrolyte 
30 contribute to stable formation of an SEI film on the surface of a carbon material of a negative electrode, This film is a 
stable film which does not crack even when the battery is stored at a high temperature. Even when an active, high- 
crystalline carbon material such as natural graphite or artificial graphite is contained in a negative electrode, it is possible 
to reduce the decomposition of a non-aqueous solvent during high-temperature storage and reduce the generation of 
gas as the carbon material is coated with this film. In addition, this film will never interfere with proper charge/discharge 
35 reactions of the battery. 

[0033] In the present invention, vinylene carbonate, diphenyl disulfide, di-p-tolyl disulfide and bis(4-methoxyphenyl) 
disulfide added to a non-aqueous electrolyte contribute to stable formation of an SEI film on the surface of a carbon 
material of a negative electrode. This film is kept stable even when the charge/discharge of the battery is repeated. 
Moreover, this film will never interfere with proper charge/discharge reactions of the batlery. The generation of a gas 
40 due to an electrochemical reduction of a non-aqueous solvent is reduced by the function of this film. 

[0034] As a result, it becomes possible to reduce separation of a carbon material from a negative electrode and 
improve the cycle characteristics. 

[0035] Furthermore, diphenyl disulfide, di-p-tolyl disulfide and bis(4-methoxyphenyl) disulfide form an SEI film com- 
prising a non-aqueous solvent and a carbon material and are ionically bonded to polar terminal groups of a binder of 
45 a negative electrode, thereby reducing the swelling of the binder with the non-aqueous solvent. It is considered therefore 
that the adhesion between electrode material particles is maintained, an increase in impedances of the electrodes is 
limited, and the cycle characteristics are further improved. 

[0036] As a separator interposed between the positive electrode and the negative electrode, for example, a micro- 
porous thin film with a high ion permeability, predetermined mechanical strength and insulation performance is used. 

so As such a thin film, for example, it is possible to use a sheet, woven fabric or non-woven fabric comprising polyolefin, 
such as polypropylene and polyethylene, or glass fibers having resistance to organic solvents and hydrophobicity. 
[0037] In a lithium polymer battery, a film comprising a polymer material that absorbs and retains a non-aqueous 
electrolyte is used. It is possible to make contained a polymer material that absorbs and retains a non-aqueous elec- 
trolyte in at least one of a positive electrode material mixture and a negative electrode material mixture. Then, by 

55 interposing a film comprising the polymer material retaining the non-aqueous electrolyte between a positive electrode 
and a negative electrode and integrating them, an electrode group of a lithium polymer battery can be obtained. 
[0038] A preferred example of a polymer material for absorbing and retaining a non-aqueous electrolyte is a copol- 
ymer of vinylidene fluoride and hexafluoropropylene. 
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[0039] The pore size in a separator is preferably a size that does not pass an active material, binder and conductive 
agent separated from a positive electrode or a negative electrode, and, for example, 0.01 to 1 urn. Moreover, in order 
to ensure safety at the time of a short-circuit, it is preferred that the separator has the function to close the pores by 
melting at a certain temperature or higher temperature and increase the resistance. 

s [0040] The thickness of a separator is generally 10 to 300 u.m. Moreover, although the porosity is determined ac- 
cording to the ion permeability, the kind of the material and film thickness, it is generally 30 to 80%. 
[0041] The present invention is applicable to non-aqueous electrolyte secondary batteries of coin type, button type, 
sheet type, cylindrical type, flat type, rectangular type, etc. In addition, the present invention is also applicable to large- 
size batteries for use in electric vehicles, for example. 

10 [0042] While a non-aqueous electrolyte secondary battery of the present invention can be used for portable infor- 
mation terminals, portable electronic apparatuses, motorcycles, electronic vehicles and hybrid vehicles, for example, 
it is not particularly limited to these applications. 

[0043] The following description will explain the present invention in detail based on some examples thereof, 
[0044] FIG. 1 is a front view of a lithium polymer secondary battery produced in the examples of the present invention 
15 and comparative examples. FIG. 2 is the A-B cross sectional view of the lithium polymer secondary battery. Referring 
to FIG. 1 and FIG. 2, the following description will explain methods of fabricating a positive electrode plate and a 
negative electrode plate constituting the lithium polymer secondary battery, and a method of producing a battery. 

(i) Method of Fabricating a Positive Electrode Plate 

20 

[0045] A paste was prepared by mixing 1 00 parts by weight of LiCo0 2 as a positive electrode active material, 3 parts 
by weight of acetylene black as a conductive agent, 4 parts by weight of a copolymer of vinylidene fluoride and hex- 
afluoropropylene as a binder, and 40 parts by weight of N-methyl-2-pyrolidone. This paste was coated on a positive 
electrode current collector 1 a made of a lath aluminum foil, dried and rolled to form a positive electrode material mixture 
25 layer 1 b, and thereby obtained a positive electrode plate 1 , 

(ii) Method of Fabricating a Negative Electrode Plate 

[0046] A paste was prepared by mixing 100 parts by weight of artificial graphite (d 002 = 3.355 angstroms) as a 
30 negative electrode active material, 6 parts by weight of a copolymer of vinylidene fluoride and hexafluoropropylene as 
a binder, and 120 parts by weight of N-methyl-2-pyrolidone. This paste was coated on both surfaces of a current 
collector 2a made of a lath copper foil, dried and rolled to form a negative electrode mixture layer 2b, and thereby 
obtained a negative electrode plate 2. 

35 (iii) Method of Producing a Battery 

[0047] The negative electrode plate 2 was inserted between two pieces of the obtained positive electrode plates 1 
with separators 3 comprising a copolymer of vinylidene fluoride and hexafluoropropylene interposed between them. 
The resultant stack was coalesced by pressure applied thereto while heating at 80°C, and thereby obtained an electrode 
40 group 4. 

[0048] As shown in FIG. 1 and FIG. 2, in the positive electrode current collector 1a and the negative electrode current 
collector 2a, lead attaching portions 1c and 2c were formed respectively. Further, a positive electrode lead 5 made of 
aluminum foil was welded to the lead attaching portion 1c, and a negative electrode lead 6 made of a copper foil was 
welded to the lead attaching portion 2c. 
45 [0049] Next, the electrode group 4 was stored inside a bag-shaped outer packaging material 7. At this time, the 
positive electrode lead 5 and negative electrode lead 6 were guided out of the outer packaging material 7. Then, the 
ends of the respective leads were made served as output/input terminals 5a and 6a of the positive electrode and 
negative electrode, respectively. 

[0050] Placed in an opening of the outer packaging material 7 are resin films 8 and 9 for ensuring electrical insulation 
so between the outer packaging material and the positive electrode lead 5 and negative electrode lead 6 and air tightness. 
[0051 ] The outer packaging material 7 was made of a laminated sheet composed of an aluminum foil, a polypropylene 
film placed on the inner side of the aluminum foil and a polyethylene terephthalate film and a nylon film placed on the 
outer side. The outer packaging material 7 was fabricated by cutting this laminated sheet into a strip, folding the strip 
to half with the polypropylene film side facing inward and fusing two side edges 7a by heating in advance. 
55 [0052] Further, after pouring a predetermined electrolyte into the outer packaging material 7, a peripheral part 7b of 
the opening was adhered by heating. Consequently, a lithium polymer secondary battery with a nominal capacity of 
500 mAh was produced. 

[0053] The following shows methods of preparing non-aqueous electrolytes used in lithium polymer secondary bat- 
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teries produced in the respective examples and comparative examples. 
Example 1 

s [0054] A mixed solvent comprising ethylene carbonate (hereinafter referred to as EC), ethyl methyl carbonate (here- 
inafter referred to as EMC) and diethyl carbonate (hereinafter referred to as DEC) in a weight ratio of 4:5:2 was prepared. 
A non-aqueous electrolyte was obtained by adding 2.0 parts by weight of propylene carbonate (hereinafter referred to 
as PC) and 4.0 parts by weight of 1 .3-propanesultone (hereinafter referred to as PS) to 100 parts by weight of this 
mixed solvent and further dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

w 

Comparative Example 1 

[0055] A non-aqueous electrolyte was obtained by dissolving 1 .35 mol/L of LiPF 6 in the same mixed solvent as in 
Example 1 . 

15 

Comparative Example 2 

[0056] A non-aqueous electrolyte was obtained by adding 6.0 parts by weight of PC to 1 00 parts by weight of the 
same mixed solvent as in Example 1 and further dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

20 

Comparative Example 3 

[0057] A non-aqueous electrolyte was obtained by adding 6 0 parts by weight of PS to 100 parts by weight of the 
same mixed solvent as in Example 1 and further dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

25 

Example 2 

[0058] A non-aqueous electrolyte was obtained by adding 0.5 parts by weight of vinylene carbonate (hereinafter 
referred to as VC) and 0.1 parts by weight of diphenyl disulfide (hereinafter referred to as DPDS) to 1 00 parts by weight 
30 of the same mixed solvent as in Example 1 and further dissolving therein 1 .35 mol/L of LiPF s as a solute. 

Example 3 

[0059] A non-aqueous electrolyte was obtained by adding 0.5 parts by weight of VC and 0.1 parts by weight of di- 
ss p-tolyl disulfide (hereinafter referred to as DTDS) to 1 00 parts by weight of the same mixed solvent as in Example 1 
and further dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

Exmple 4 

40 [0060] A non-aqueous electrolyte was obtained by adding 0 ,5 parts by weight of VC and 0.1 parts by weight of bis 
(4-methoxyphenyl) disulfide (hereinafter referred to as BMPDS) to 1 00 parts by weight of the same mixed solvent as 
in Example 1 and further dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

Example 5 

[0061] A non-aqueous electrolyte was obtained by adding 3.0 parts by weight of VC and 0.4 parts by weight of DPDS 
to 1 00 parts by weight of the same mixed solvent as in Example 1 and further dissolving therein 1 .35 mol/L of LiPF s 
as a solute. 



[0062] A non-aqueous electrolyte was obtained by adding 3.0 parts by weight of VC and 0.4 parts by weight of DTDS 
to 1 00 parts by weight of the same mixed solvent as in Example 1 and further dissolving therein 1 .35 mol/L of LiPF B 
as a solute. 

Example 7 

[0063] A non-aqueous electrolyte was obtained by adding 3.0 parts by weight of VC and 0.4 parts by weight of 
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BMPDS to 1 00 parts by weight of the same mixed solvent as in Example 1 and further dissolving therein 1 .35 mol/L 
of LiPF 6 as a solute. 

Example 8 

[0064] A non-aqueous electrolyte was obtained by adding 0.5 parts by weight of VC, 0.1 parts by weight of DPDS 
and 0.1 parts by weight of BMPDS to 100 parts by weight of the same mixed solvent as in Example 1 and further 
dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

Example 9 

[0065] A non-aqueous electrolyte was obtained by adding 0.5 parts by weight of VC, 0.1 parts by weight of DTDS 
and 0.1 parts by weight of BMPDS to 100 parts by weight of the same mixed solvent as in Example 1 and further 
dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

Example 1 0 

[0066] A non-aqueous electrolyte was obtained by adding 0.5 parts by weight of VC, 0.1 parts by weight of DPDS 
and 0. 1 parts by weight of DTDS to 1 00 parts by weight of the same mixed solvent as in Example 1 and further dissolving 
therein 1 .35 mol/L of LiPF 6 as a solute. 

Example 11 

[0067] A non-aqueous electrolyte was obtained by adding 3.0 parts by weight of VC, 0.2 parts by weight of DPDS 
and 0.4 parts by weight of DTDS to 1 00 parts by weight of the same mixed solvent as in Example 1 and further dissolving 
therein 1.35 mol/L of LiPF 6 as a solute. 

Example 12 

[0068] A non-aqueous electrolyte was obtained by adding 3.0 parts by weight of VC, 0,2 parts by weight of DPDS 
and 0,4 parts by weight of BMPDS to 100 parts by weight of the same mixed solvent as in Example 1 and further 
dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

Example 13 

[0069] A non-aqueous electrolyte was obtained by adding 3.0 parts by weight of VC, 0.4 parts by weight of DTDS 
and 0.2 parts by weight of BMPDS to 100 parts by weight of the same mixed solvent as in Example 1 and further 
dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

Example 14 

[0070] A non-aqueous electrolyte was obtained by adding 0.5 parts by weight of VC, 0.1 parts by weight of DPDS, 
0.1 parts by weight of DTDS and 0.1 parts by weight of BMPDS to 1 00 parts by weight of the same mixed solvent as 
in Example 1 and further dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

Example 15 

[0071] A non-aqueous electrolyte was obtained by adding 3.0 parts by weight of VC, 0.2 parts by weight of DPDS, 
0.2 parts by weight of DTDS and 0.2 parts by weight of BMPDS to 1 00 parts by weight of the same mixed solvent as 
in Example 1 and further dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

Comparative Example 4 

[0072] A non-aqueous electrolyte was obtained by adding 0.5 parts by weight of VC to 1 00 parts by weight of the 
same mixed solvent as in Example 1 and further dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 
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Comparative Example 5 

[0073] A non-aqueous electrolyte was obtained by adding 0.5 parts by weight of DPDS to 1 00 parts by weight of the 
same mixed solvent as in Example 1 and further dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

5 

Example 1 6 

[0074] A non-aqueous electrolyte was obtained by adding 2.0 parts by weight of PC, 4.0 parts by weight of PS and 
0.5 parts by weight of VC to 1 00 parts by weight of the same mixed solvent as in Example 1 and further dissolving 
10 therein 1 .35 mol/L of LiPF 6 as a solute. 

Example 1 7 

[0075] A non-aqueous electrolyte was obtained by adding 2.0 parts by weight of PC, 4.0 parts by weight of PS and 
15 0.2 parts by weight of DPDS to 1 00 parts by weight of the same mixed solvent as in Example 1 and further dissolving 
therein 1 .35 mol/L of LiPF 6 as a solute. 

Example 1 8 

20 [0076] A non-aqueous electrolyte was obtained by adding 2.0 parts by weight of PC, 4.0 parts by weight of PS and 
0.2 parts by weight of DTDS to 1 00 parts by weight of the same mixed solvent as in Example 1 and further dissolving 
therein 1 .35 mol/L of LiPF 6 as a solute. 

Example 1 9 

25 

[0077] A non-aqueous electrolyte was obtained by adding 2.0 parts by weight of PC, 4.0 parts by weight of PS and 
0.2 parts by weight of BMPDS to 100 parts by weight of the same mixed solvent as in Example 1 and further dissolving 
therein 1 .35 mol/L of LiPF 6 as a solute. 

30 Example 20 

[0078] A non-aqueous electrolyte was obtained by adding 2.0 parts by weight of PC, 4.0 parts by weight of PS, 0.8 
parts by weight of VC and 0.2 parts by weight of DPDS to 1 00 parts by weight of the same mixed solvent as in Example 
1 and further dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

Example 21 

[0079] A non-aqueous electrolyte was obtained by adding 2.0 parts by weight of PC, 4.0 parts by weight of PS, 0.8 
parts by weight of VC and 0.2 parts by weight of DTDS to 1 00 parts by weight of the same mixed solvent as in Example 
40 1 and further dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

Example 22 

[0080] A non-aqueous electrolyte was obtained by adding 2.0 parts by weight of PC, 4.0 parts by weight of PS, 0.8 
45 parts by weight of VC and 0.2 parts by weight of BMPDS to 100 parts by weight of the same mixed solvent as in 
Example 1 and further dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

Example 23 

so [0081] A non-aqueous electrolyte was obtained by adding 2.0 parts by weight of PC, 4.0 parts by weight of PS, 0.2 
parts by weight of DPDS and 0.2 parts by weight of DTDS to 100 parts by weight of the same mixed solvent as in 
Example 1 and further dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

Example 24 

55 

[0082] A non-aqueous electrolyte was obtained by adding 2.0 parts by weight of PC, 4.0 parts by weight of PS, 0.2 
parts by weight of DPDS and 0.2 parts by weight of BMPDS to 100 parts by weight of the same mixed solvent as in 
Example 1 and further dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 
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Example 25 

[0083] A non-aqueous electrolyte was obtained by adding 2.0 parts by weight of PC, 4.0 parts by weight of PS, 0.2 
parts by weight of DTDS and 0.2 parts by weight of BMPDS to 100 parts by weight of the same mixed solvent as in 
s Example 1 and further dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

Example 26 

[0084] A non-aqueous electrolyte was obtained by adding 2.0 parts by weight of PC, 4.0 parts by weight of PS, 0.8 
10 parts by weight of VC 0.2 parts by weight of DPDS and 0.2 parts by weight of DTDS to 1 00 parts by weight of the 
same mixed solvent as in Example 1 and further dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

Example 27 

15 [0085] A non-aqueous electrolyte was obtained by adding 2.0 parts by weight of PC, 4.0 parts by weight of PS, 0.8 
parts by weight of VC, 0.2 parts by weight of DPDS and 0.2 parts by weight of BMPDS to 1 00 parts by weight of the 
same mixed solvent as in Example 1 and further dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

Example 28 

20 

[0086] A non-aqueous electrolyte was obtained by adding 2.0 parts by weight of PC, 4.0 parts by weight of PS, 0.8 
parts by weight of VC, 0.2 parts by weight of DTDS and 0.2 parts by weight of BMPDS to 100 parts by weight of the 
same mixed solvent as in Example 1 and further dissolving therein 1 35 mol/L of LiPF 6 as a solute. 

25 Example 29 

[0087] A non-aqueous electrolyte was obtained by adding 2.0 parts by weight of PC, 4.0 parts by weight of PS, 0.2 
parts by weight of DPDS, 0.2 parts by weight of DTDS and 0.2 parts by weight of BMPDS to 100 parts by weight of 
the same mixed solvent as in Example 1 and further dissolving therein 1 .35 mol/L of LiPF 6 as a solute. 

30 

Example 30 

[0088] A non-aqueous electrolyte was obtained by adding 2.0 parts by weight of PC, 4.0 parts by weight of PS, 0.8 
parts by weight of VC, 0.2 parts by weight of DPDS, 0.2 parts by weight of DTDS and 0.2 parts by weight of BMPDS 
35 to 1 00 parts by weight of the same mixed solvent as in Example 1 and further dissolving therein 1 .35 mol/L of LiPF B 
as a solute. 

(a) High Temperature Storage Test 

40 [0089] A high temperature storage test was conducted on each of the lithium polymer secondary batteries produced 
using the non-aqueous electrolytes of Examples 1 to 30 and Comparative Examples 1 to 5. 

[0090] In a thermostat at 25°C each battery was charged with a current of 300 mA (0.6 C) until the battery voltage 
reached 4.2 V, and further charged at a constant voltage of 4.2 V until the current reached 50 mA (0.1 C). This battery 
was placed in a thermostat at 90°C, and, 4 hours later, the thickness of the battery was measured in the thermostat. 
45 The results are shown in Tables 1 to 3. In the tables, PC, PS, VC, DPDS, DTDS, and BMPDS represent propylene 
carbonate, 1 ,3-propanesultone, vinylene carbonate, diphenyl disulfide, di-p-tolyl disulfide, and bis(4-methoxyphenyl) 
disulfide, respectively. 

(b) Charge/Discharge Cycle Test 

50 

[0091] A charge/discharge cycle test was conducted on each of the lithium polymer secondary batteries produced 
using the non-aqueous electrolytes of Examples 2 to 30 and Comparative Examples 1 , 4 and 5. 
[0092] After charging each battery in the same method as in the above-mentioned high temperature storage test, a 
cycle of performing GSM pulse discharge at an average current of 352 mA (pulse pattern discharge consisting of 
55 discharging at 1700 mA for 0.6 seconds and discharging at 150 mA for 0.004 seconds) to a final voltage of 3.0 V was 
repeated. Then, assuming that the initial discharge capacity was 100%, the capacity retention rate after 100 cycles 
was obtained. The results are shown in Tables 2 and 3. 
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Table 1 





Amounts of additives per 100 parts by weight of non- 
aqueous solvent (part by weight) 


Increase in battery 
thickness (mm) 


PC 


PS 


Example 1 


2.0 


4.0 


0.241 


Comparative Example 1 


0.0 


0.0 


1.160 


Comparative Example 2 


6.0 


0.0 


0.350 


Comparative Example 3 


0.0 


6.0 


0.308 



Table 2 





Amounts of additives per 1 00 parts by weight of non-aqueous 
solvent (part by weight) 


battery 
thickness 
(mm) 


retention rate 

(%) 


VC 


DPDS 


DTDS 


BMPDS 


Example 2 










1.26 


91.1 


Example 3 


0.5 


0.0 


0.1 


0.0 


1.22 


90.7 


Example 4 


0.5 


0.0 


0.0 


0.1 


1.25 


91.2 




3.0 


0.4 


0.0 


0.0 






Example 6 


3.0 


0.0 


0.4 


0.0 


1.20 


90,3 


Example 7 


3 0 


0.0 


0.0 


0.4 


1.19 


91.0 


Example 8 


0.5 


0.1 


0.0 


0.1 


1.18 


89.9 


Example 9 


0 5 


0.0 


0.1 


0.1 


1.24 


90.8 


Example 10 


0.5 


0.1 


0.1 


0.0 


1.25 


90.3 


Example 11 


3.0 


0.2 


0.4 


0.0 


1,26 


91.4 


Example 12 


3.0 


0.2 


0.0 


0.4 


1.25 


91,0 


Example 13 


3.0 


0.0 


0.4 


0.2 


1.20 


91,2 


Example 14 


0.5 


0.1 


0.1 


0.1 


1.21 


89.9 


Example 15 


3.0 


0.2 


0.2 


0.2 


1.22 


91.3 


Comparative 
Example 1 


0.0 


0.0 


0.0 


0.0 


1.16 


79.7 


Comparative 
Example 4 


0.5 


0.0 


0.0 


0.0 


1.22 


84.8 


Comparative 
Example 5 


0.0 


0.5 


0.0 


0.0 


1.23 


83.9 
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Table 3 





Amounts of additives per 1 00 parts by weight of non-aqueous solvent 
(part by weight) 


Increase 

thickness 
(mm) 


Capacity 
rate (%) 


PC 


PS 


vc 


DPDS 


DTDS 


BMPDS 


Example 16 


2.0 


4.0 


0.5 


0.0 


0.0 


0.0 


0.241 


89.9 


Example 17 


2.0 


4.0 


0.0 


0.2 


0.0 


0.0 


0.212 


88,5 


Example 18 


2.0 


4.0 


0.0 


0.0 


0.2 


0.0 


0.203 


89,5 


Example 19 


2.0 


4.0 


0.0 


0.0 


0.0 


0.2 


0.213 


88.9 


Example 20 


2.0 


4.0 


0.8 


0.2 


0.0 


0.0 


0.253 


93.2 


Example 21 


2.0 


4.0 


0.8 


0.0 


0.2 


0.0 


0.243 


93.0 


Example 22 


2.0 


4.0 


0.8 


0.0 


0.0 


0.2 


0.205 


93.8 


Example 23 


2.0 


4.0 


0.0 


0.2 


0.2 


0.0 


0.206 


89.2 


Example 24 


2.0 


4.0 


0.0 


0.2 


0.0 


0.2 


0.241 


894 


Example 25 


2.0 


4.0 


0.0 


0.0 


0.2 


0.2 


0.211 


89.6 


Example 26 


2.0 


4.0 


0.8 


0.2 


0.2 


0.0 


0.252 


94.2 


Example 27 


2.0 


4.0 


0.8 


0.2 


0.0 


0.2 


0.232 


94.6 


Example 28 


2.0 


4.0 


0.8 


0.0 


0.2 


0.2 


0.241 


95,0 


Example 29 


2.0 


4.0 


0.0 


0.2 


0.2 


0.2 


0.221 


89,4 


Example 30 


2,0 


4.0 


0.8 


0.2 


0.2 


0.2 


0.218 


94,2 


Comparative 
Example 1 


0,0 


0.0 


0.0 


0.0 


0.0 


0.0 


1.160 


79,7 



[0093] As is clear from Table 1 , in Comparative Example 1 , the generation of a gas during storage at90°C could not 
35 be reduced, and the thickness of the battery after 4-hour storage showed a large increase of 1 ,160 mm. On the other 
hand, in Example 1, the increase in the thickness of the battery was small compared to Comparative Example 2 using 
only PC and Comparative Example 3 using only PS, and it can be understood that the generation of gas was significantly 
reduced. A noticeable synergistic effect of using both PC and PS can be confirmed from these results. 
[0094] As is clear from Table 2, in Comparative Example 1 , the capacity retention rate after 1 00 cycles was 79.7%. 
40 In contrast, in Examples 2 to 15, capacity retention rates ranging from 89 to 91% were obtained. These are superior 
compared to Comparative Example 4 in which only VC was added and Comparative Example 5 in which only DPDS 
was added. An excellent synergistic effect of using VC with at least one selected from the group consisting of DPDS, 
DTDS and BMPDS can be confirmed from these results. 

[0095] However, in Examples 2 to 15, the thicknesses of the batteries were increased, and generation of gas due to 
45 decomposition of additives during high temperature storage was suggested. However, since the amount of gas gen- 
erated by the decomposition of additives is small, if the strength of the battery case is high like that of a cylindrical 
lithium secondary battery, the problem of an increase in the thickness of the battery does not occur. It is therefore 
possible to obtain only an excellent synergistic effect of using VC with at least one selected from the group consisting 
of DPDS, DTDS and BMPDS. 

so [0096] On the other hand, as is clearfrom Table 3, in the batteries of Examples 1 6 to 30, the increase in the thickness 
was 0.20 to 0.26 mm, and it can be understood that the generation of gas during high-temperature storage was suffi- 
ciently reduced. Moreover, since the batteries of Examples 16 to 30 had capacity retention rates ranging from 88 to 
95% after 1 00 cycles, they had excellent cycle characteristics. 

[0097] As described above, although VC, DPDS, DTDS and BMPDS have the effect of improving the cycle charac- 
55 teristics, it is considered that they are decomposed and generate gas during high-temperature storage. However, by 
using these additives with PC and PS, it is possible to reduce the generation of gas, thereby obtaining both the effect 
of reducing generation of gas and the effect of improving the cycle characteristics. Among them, when PC, PS, VC 
and at least one selected from the group consisting of DPDS, DTDS and BMPDS were used, an especially advanta- 
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geous effect was obtained. 

[0098] Note that Japanese Unexamined Patent Publication No. 10-24751 7 discloses that the addition of DPDS to 
the electrolyte improves the safety of the battery during overcharge. However, in one example of this, DPDS was added 
at a high concentration of around 3% to the electrolyte. In this case, although the safety during overcharge is improved, 
s gas generation at high temperatures is remarkable, and the problem of gas generation can not be solved. Adding 
DPDS in a small amount of 0.1 to 0.6 wt% to the non-aqueous solvent like the present invention is important to reduce 
the generation of gas at high temperatures and improve the cycle characteristics. 

[0099] Besides, Japanese Unexamined Patent Publication No. 2000-149986 discloses that the addition of DTDS to 
the electrolyte improves the cycle characteristics and storage characteristics of the battery. However, the problem of 
10 the storage characteristics of the battery can not be solved only by the addition of DTDS to the electrolyte. Using DTDS 
with VC, or with PC and PS as in the present invention is important to reduce the generation of gas at high temperatures 
and improve the cycle characteristics. 

[01 00] Further, Japanese Unexamined Patent Publication No. 1 1 -67266 discloses an example of a battery containing 
PC, chain carbonate and VC. However, using VC in a small amount of 0.1 to 5.0 wt% with PC and PS for the non- 
15 aqueous solvent as in the present invention is important to reduce the generation of gas at high temperatures and 
improve the cycle characteristics. 

[0101] Next, the amounts of additives added to a non-aqueous solvent were reviewed. 
Example 31 

20 

[0102] A non-aqueous electrolyte was obtained in the same manner as in Example 16, except that the amount of 
PC was 0. 1 parts by weight and the amount of PS was 0.1 parts by weight per 1 00 parts by weight of the mixed solvent. 

Example 32 

25 

[0103] A non-aqueous electrolyte was obtained in the same manner as in Example 16, except that the amount of 
PC was 5.0 parts by weight and the amount of PS was 6.5 parts by weight per 1 00 parts by weight of the mixed solvent. 

Example 33 

30 

[0104] A non-aqueous electrolyte was obtained in the same manner as in Example 16, except that the amount of 
VC was 0.1 parts by weight per 100 parts by weight of the mixed solvent. 

Example 34 

[0105] A non-aqueous electrolyte was obtained in the same manner as in Example 16, except that the amount of 
VC was 1.0 parts by weight per 100 parts by weight of the mixed solvent. 

Example 35 

40 

[0106] A non-aqueous electrolyte was obtained in the same manner as in Example 20, except that the amount of 
VC was 5.0 parts by weight per 1 00 parts by weight of the mixed solvent. 

Example 36 

[0107] A non-aqueous electrolyte was obtained in the same manner as in Example 20, except that the amount of 
DPDS was 0.1 parts by weight per 1 00 parts by weight of the mixed solvent. 

Example 37 

50 

[0108] A non-aqueous electrolyte was obtained in the same manner as in Example 20, except that the amount of 
DPDS was 0.4 parts by weight per 1 00 parts by weight of the mixed solvent. 

Example 38 

55 

[0109] A non-aqueous electrolyte was obtained in the same manner as in Example 20, except that the amount of 
DPDS was 0.6 parts by weight per 1 00 parts by weight of the mixed solvent. 
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Example 39 

[0110] A non-aqueous electrolyte was obtained in the same manner as in Example 21 , except that the amount of 
DTDS was 0.1 parts by weight per 100 parts by weight of the mixed solvent. 

5 

Example 40 

[0111] A non-aqueous electrolyte was obtained in the same manner as in Example 21 , except that the amount of 
DTDS was 0.6 parts by weight per 100 parts by weight of the mixed solvent. 

w 

Example 41 

[0112] A non-aqueous electrolyte was obtained in the same manner as in Example 22, except that the amount of 
BMPDS was 0.1 parts by weight per 100 parts by weight of the mixed solvent. 

15 

Example 42 

[0113] A non-aqueous electrolyte was obtained in the same manner as in Example 22, except that the amount of 
BMPDS was 0.6 parts by weight per 100 parts by weight of the mixed solvent. 

20 

Example 43 

[0114] A non-aqueous electrolyte was obtained in the same manner as in Example 20, except that the amount of 
each of PC, PS, VC and DPDS was 0.1 parts by weight per 100 parts by weight of the mixed solvent. 

25 

Example 44 

[0115] A non-aqueous electrolyte was obtained in the same manner as in Example 20, except that the amounts of 
PC. PS. VC and DPDS were 5.0 parts by weight, 6.5 parts by weight, 5.0 parts by weight and 0,6 parts by weight, 
30 respectively, per 1 00 parts by weight of the mixed solvent. 

Example 45 

[0116] A non-aqueous electrolyte was obtained in the same manner as in Example 21, except that the amount of 
35 each of PC, PS, VC and DTDS was 0.1 parts by weight per 100 parts by weight of the mixed solvent, 

Example 46 

[0117] A non-aqueous electrolyte was obtained in the same manner as in Example 21, except that the amounts of 
40 pc, PS, VC and DTDS were 5,0 parts by weight, 6,5 parts by weight, 5,0 parts by weight and 0.6 parts by weight, 
respectively, per 1 00 parts by weight of the mixed solvent. 

Example 47 

45 [0118] A non-aqueous electrolyte was obtained in the same manner as in Example 22, except that the amount of 
each of PC, PS, VC and BMPDS was 0.1 parts by weight per 1 00 parts by weight of the mixed solvent. 

Example 48 

so [0119] A non-aqueous electrolyte was obtained in the same manner as in Example 22, except that the amounts of 
PC, PS, VC and BMPDS were 5.0 parts by weight, 6.5 parts by weight, 5.0 parts by weight and 0.6 parts by weight, 
respectively, per 1 00 parts by weight of the mixed solvent. 

[0120] For each of the lithium polymer secondary batteries produced using the non-aqueous electrolytes of Examples 
31 to 48, a high temperature storage test was conducted in the same method as in Examples 1 to 30 and Comparative 
55 Examples 1 to 3, and a charge/discharge cycle test was performed in the same method as in Examples 2 to 15 and 
Comparative Examples 1 , 4 and 5. The results are shown in Table 4. 
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Table 4 



5 




Amounts of additives per 1 00 parts by weight of non-aqueous solvent (part 
by weight) 


Increase 
in battery 
thickness 
(mm) 


Capacity 
rate (%) 






PC 


PS 


VC 


DPDS 


DTDS 


BMPDS 






10 


Example 
31 


0.1 


0.1 


0.5 


0.0 


0.0 


0.0 


0.198 


89.3 




Example 
32 


5.0 


6.5 


0.5 


0.0 


0.0 


0.0 


0.201 


89,2 


15 


Example 
33 


2.0 


4.0 


0.1 


0.0 


0.0 


0.0 


0.239 


88.1 




Example 
34 


2.0 


4.0 


1.0 


0.0 


0.0 


0.0 


0.230 


90.3 


20 


Example 
35 


2.0 


4.0 


5.0 


0.2 


0.0 


0.0 


0.203 


93.2 




Example 
36 


2.0 


4.0 


0.8 


0.1 


0.0 


0.0 


0.235 


93.1 


25 


Example 
37 


2.0 


4.0 


0.8 


0.4 


0.0 


0.0 


0.258 


94.0 




Example 
38 


2.0 


4.0 


0.8 


0.6 


0.0 


0.0 


0.260 


94.0 


30 


Example 


2.0 


4.0 


0.8 


0.0 


0.1 


0.0 


0.202 


94.1 




Example 
40 


2.0 


4.0 


0.8 


0.0 


0.6 


0.0 


0.245 


93.8 




Example 
41 


2.0 


4.0 


0.8 


0.0 


0.0 


0.1 


0.221 


93.5 




Example 
42 


2.0 


4.0 


0.8 


0.0 


0.0 


0.6 


0.257 


94.2 




Example 
43 


0.1 


0.1 


0.1 


0.1 


0.0 


0.0 


0.233 


92.8 




Example 
44 


5.0 


6.5 


5.0 


0.6 


0.0 


0.0 


0.239 


94.2 




Example 
45 


0.1 


0.1 


0.1 


0.0 


0.1 


0.0 


0.239 


93.0 




Example 
46 


5.0 


6.5 


5.0 


0.0 


0.6 


0.0 


0.235 


93,5 




Example 
47 


0.1 


0.1 


0.1 


0.0 


0.0 


0.1 


0.237 




50 


Example 
48 


5.0 


6.5 


5.0 


0.0 


0.0 


0.6 


0.230 


94.2 



[0121] As is clear from Table 3 and Table 4, when the amounts of PC and VC are both 0.1 to 5.0 parts by weight per 
55 100 parts by weight of the non-aqueous solvent, the thickness and capacity retention rate of the battery are both 
satisfactory. It can be understood from this that the preferred amounts of PC and VC are both 0.1 to 5.0 parts by weight 
per 1 00 parts by weight of the non-aqueous solvent. 

[0122] Moreover when the amount of PS is 0.1 to 6.5 parts by weight per 100 parts by weight of the non-aqueous 
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solvent, the thickness and capacity retention rate of the battery are both satisfactory. It can be understood from this 
that the preferred amount of PS is 0.1 to 6.5 parts by weight per 100 parts by weight of the non-aqueous solvent. 
[0123] Further, when the amount of each of DPDS, DTDS and BMPDS is 0.1 to 0.6 parts by weight per 100 parts 
by weight of the non-aqueous solvent, the thickness and capacity retention rate of the battery are both satisfactory. It 
s can be understood from this that the preferred amount of each of DPDS, DTDS and BMPDS is 0.1 to 0.6 parts by 
weight per 1 00 parts by weight of the non-aqueous solvent. 

[0124] Besides, when the total amount of these additives is 0.4 to 17.1 wt%, the thickness and capacity retention 
rate of the battery are both satisfactory. It can be understood from this that, when PC, PS, VC and at least one selected 
from the group consisting of DPDS, DTDS and BMPDS are added, their total amount is preferably 0.4 to 17.1 parts 
10 by weight. 

[0125] In particular, when the battery contains at least one selected from the group consisting of DPDS, DTDS and 
BMPDS in addition to PC, PS and VC, the best charge/discharge characteristic is obtained. 
[0126] Note that Examples 1 to 48 described above do not limit combinations of additives in the present invention. 
The present invention includes every combination of additives. Additionally, while Examples 1 to 48 relate to lithium 
15 polymer secondary batteries including a laminated type electrode group, the present invention is not limited to these. 

Industrial Applicability 

[0127] According to the present invention, it is possible to provide a non-aqueous electrolyte capable of providing a 
20 non-aqueous electrolyte secondary battery with excellent cycle characteristics, capacity retention rate and storage 
characteristics and a reduced amount of gas generated during high-temperature storage; and a secondary battery 
using the non-aqueous electrolyte. 



25 Claims 

1. A non-aqueous electrolyte characterized in that said electrolyte comprising a non-aqueous solvent and a solute 
dissolved in said non-aqueous solvent, and that said electrolyte containing propylene carbonate and 1,3-pro- 
panesultone as additives, respectively 

30 

2. The non-aqueous electrolyte in accordance with claim 1 , further comprising at least one selected from the group 
consisting of vinylene carbonate, diphenyl disulfide, di-p-tolyl disulfide and bis(4-methoxyphenyl) disulfide as an 
additive. 

35 3. The non-aqueous electrolyte in accordance with claim 1, wherein the amount of said propylene carbonate is 0.1 
to 5.0 parts by weight per 1 00 parts by weight of said non-aqueous solvent, and the amount of said 1 ,3-propanesul- 
tone is 0.1 to 6.5 parts by weight per 1 00 parts by weight of said non-aqueous solvent. 

4. The non-aqueous electrolyte in accordance with claim 3, further comprising 0.1 to 5.0 parts by weight of vinylene 
40 carbonate or 0.1 to 0.6 parts by weight in total of at least one selected from the group consisting of diphenyl 

disulfide, di-p-tolyl disulfide and bis(4-methoxyphenyl) disulfide as an additive per 100 parts by weight of said non- 
aqueous solvent. 

5. The non-aqueous electrolyte in accordance with claim 3, further comprising 0.1 to 5.0 parts by weight of vinylene 
45 carbonate and 0.1 to 0.6 parts by weight in total of at least one selected from the group consisting of diphenyl 

disulfide, di-p-tolyl disulfide and bis(4-methoxyphenyl) disulfide as additives, respectively, per 1 00 parts by weight 
of said non-aqueous solvent. 

6. The non-aqueous electrolyte in accordance with claim 5, wherein the total amount of said propylene carbonate, 
so said 1,3-propanesultone, said vinylene carbonate and said at least one selected from the group consisting of 

diphenyl disulfide, di-p-tolyl disulfide and bis(4-methoxyphenyl) disulfide is 0.4 to 17.1 parts by weight per 100 
parts by weight of said non-aqueous solvent. 

7. The non-aqueous electrolyte in accordance with claim 1 , wherein said non-aqueous solvent is composed of 1 0 to 
55 70 wt% cyclic carbonate and 30 to 90 wt% chain carbonate. 

8. The non-aqueous electrolyte in accordance with claim 7, wherein said cyclic carbonate comprises at least one 
selected from the group consisting of ethylene carbonate and butylene carbonate. 
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9. The non-aqueous electrolyte in accordance with claim 7, wherein said chain carbonate comprises at least one 
selected from the group consisting of dimethyl carbonate, diethyl carbonate and ethyl methyl carbonate. 

10. A non-aqueous electrolyte characterized in that said electrolyte comprising a non-aqueous solvent and a solute 
s dissolved in said non-aqueous solvent, and that said electrolyte containing vinylene carbonate and at least one 

selected from the group consisting of diphenyl disulfide, di-p-tolyl disulfide and bis(4-methoxyphenyl) disulfide as 
additives, respectively. 

11. The non-aqueous electrolyte in accordance with claim 10, wherein the amount of said vinylene carbonate is 0.1 
10 to 5.0 parts by weight per 1 00 parts by weight of said non-aqueous solvent, and the total amount of said at least 

one selected from the group consisting of diphenyl disulfide, di-p-tolyl disulfide and bis(4-methoxyphenyl) disulfide 
is 0.1 to 0.6 parts by weight per 100 parts by weight of said non-aqueous solvent. 

12. The non-aqueous electrolyte in accordance with claim 10, wherein said non-aqueous solvent is composed of 10 
15 to 70 wt% cyclic carbonate and 30 to 90 wt% chain carbonate. 

13. The non-aqueous electrolyte in accordance with claim 12, wherein said cyclic carbonate comprises at least one 
selected from the group consisting of ethylene carbonate, propylene carbonate and butylene carbonate. 

20 14. The non-aqueous electrolyte in accordance with claim 12. wherein said chain carbonate comprises at least one 
selected from the group consisting of dimethyl carbonate, diethyl carbonate and ethyl methyl carbonate. 

15. A non-aqueous electrolyte secondary battery comprising: a positive electrode containing a lithium-containing com- 
posite metal oxide; a negative electrode containing graphite; and the non-aqueous electrolyte in accordance with 

& claim 1 . 

16. The non-aqueous electrolyte secondary battery in accordance with claim 15, wherein at least one of said positive 
electrode and said negative electrode contains a fluorocarbon resin as a binder. 

30 17. The non-aqueous eleclrolyLe secondary battery in accordance with claim 1 6, wherein said fluorocarbon resin is at 
least one selected from the group consisting of polyvinylidene fluoride, a copolymer of vinylidene fluoride and 
hexafluoropropylene, and polytetrafluoroethylene. 

18. The non-aqueous electrolyte secondary battery in accordance with claim 1 5, wherein said graphite is natural graphi- 
cs ite or artificial graphite, and a spacing (d 002 ) between lattice planes (002) thereof is 3.350 to 3.400 angstroms. 

19. A non-aqueous electrolyte secondary battery comprising: a positive electrode containing a lithium-containing com- 
posite metal oxide; a negative electrode containing graphite: and the non-aqueous electrolyte in accordance with 
claim 10. 

40 

20. The non-aqueous electrolyte secondary battery in accordance with claim 19, wherein at least one of said positive 
electrode and said negative electrode contains a fluorocarbon resin as a binder. 

21 . The non-aqueous electrolyte secondary battery in accordance with claim 20, wherein said fluorocarbon resin is at 
45 least one selected from the group consisting of polyvinylidene fluoride, a copolymer of vinylidene fluoride and 

hexafluoropropylene, and polytetrafluoroethylene. 

22. The non-aqueous electrolyte secondary battery in accordance with claim 1 9 ; wherein said graphite is natural graph- 
ite or artificial graphite, and a spacing (d 002 ) between lattice planes (002) thereof is 3.350 to 3.400 angstroms. 

50 
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